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President’s Corner 


By Steven Bible, N7HPR, President, TAPR 


This yea loos oe ane great one fr 
IAPR ss the onganiation coutnte ofl i 
elas the leader cn the euting edge of Amateur 


Ratio, 
HPSDR keeps ight on cooking with ew 
pectin the works straight fan the HPSDR 
ontanuniy of Volunteers o Yom Vi the it 
of TAPR. Fr example, the begining of the year 
saw the release of Metis the new HPSDR high 
speed itestice 


Meanwhile, thete ure alts same new tig 


handare pejecta in dhe planing ma 
APR So, eep aa 


the availabilty of new 
Pests ot bath dhe ining aad HPSDR fat 
IAPR plans for the Hamventon in May 
me anit sul 


importa long weekend in Dayton, TAPR was 
instrumental in getting David Rane, VKSDGR, 
to travel to dhe States o spa atthe TAPR. 
Heaneation Forum ao dhe TAPR-AMSAT 
Hiamvention Banquet, David i ou 

of dhe CODEC project ad nao very invalid 


inthe Village Teo p 

opie a the Forurn and Banque, 

respectful nd ll be aaa at he TAPR. 
the weekend 


sect He will be spain 


Tot he 
aie TAD 


wth the set 


ining David at the 
Forum yl he Phil Hansa, 
\VKGAPH, wo wil alk tout 
the HPSDR projects, and 

yours truly, ho il talk abou 
the word of TAPR. Hanventinn 2011 pees 


ot oo eau to star hiking about 
‘& ARRL Digal Gonnunications 

Conference (DEC), This yea, the DCC wil be ia 
Halsinore, MD, near the Hakiore Washington 
International Airport (WD. Ou oat oe he 


he deadline for papers atthe DOC 
ay (hl 41 Yo be exact) 


is 


eatly to begin composing your dhol forthe 


wi would Khe io make at the 


presentatn 
onference. Any wpe deafing wit euting edge 


Project, please consider presenting in Bakime in 
September: 

nally we ope you wil ike the new lak fr 
PSR. The editorial stall worked long aud hard on 


tad hope that yas 
il he pleased withthe change, 


aul nese ie 


Sieve, NTHPR. 


SDR Cube Transceiver 
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By George Heron N2APB and Juha Miinikeski, OH2NLT 


Software Defined Radio without a PG... ow ean that fe?! 
With an embedded DSP anda comection to your fverite SoProck, 

yon cin have nvig that i anaall enough foe portable tse with etowgh 
Of the bells & whistles of SDR, and you “don't need no stinkin’ PC!” 


Te SDR Cae Tse Hos 


Be 5 A ak 
ne Df Ra pe wah Silk 


i peo 
‘onal inten, DSP 
ol moe What gat 
re 


at Be cin end ep fi 


ware Defies Ratio i the bcp 


Macl fa ben wetea about S 
a years at exci len 
Artates Radio, New rp ace pcg eat peed 
nl ct argh all ie ada ene quate 
mn has peated fr USB soundcard, RE fat end 
fal ated isn sare to proces th 
sii th 


pernie 
sapling “eco 
ery ne om 


beng poriced Bae 


Bat dere’ stenting hey alive aan 
(PC) equted ts penn he hey proceaing and de he stnogly 
inn eapale graphical wes tater! Neat 
ake adeauage af the power atl 
wealth of 


rin hed age crt, lt 
1s, API a 


her wandands that lead are tatu 


At Tea fa desig 
ad een 


Alt, bt therein i the pv sewhat 


ie think ae iy erat bed are thee set 


PC appa” wo SDR 


take it with you when you're gone There isa 
> rable” wisn hee ia to 
Kd Day oma 


1) You cae (en 
roving ela op loa wising 
seatwatslo, ina ek othe beach, sng a ive td, F 


tnnines tp, 
PC Lip 
neti SDR tisk naka? 


jt aout Une poo athe backyard wie 


tnd 
eniderpowere fa th 


och ~ yc 


2) You can't get the dang ching all commected sight 
igure or SDR secely? Her, just 
cetera challenge, 


ing er ering on a Wisc 
tri al dae lee 


nail sophie 


APR is a community that provides leadership and resources to radio amateurs for the purpose of advancing the radie art. 


“i and Wn, O8 paces, caging versions the SDR apps and 
you have the sherage hast oly wrapped and te asl These dt 
the exper ett arog tea nie thes hg b wee Ua 
ijn our ashes fe, dace) Ue anger a palo hi a 
Tre the way to doit 

$) A mone ad hephonsd does ot a vedio saath 
inheretly ave a visceral afisty io ack, meer, ches pots dete 
star oot panel coisa he hoe nl ts erin er he year 
Sure we are erhnolagsts to, and naa a ws are pashing were ewer ao 
signs hat corpo merous ad cup itefacts, But the 
aul a ay, ay ps fe ai just dosnt “el sgh” when como 
2 tranaeiver wih a PC aren sid en, weber it ae at ight ding 
testo wie ragehewing with rend in regulars 


‘So What's A Ham fo Do? 


(Go eerie ad ga xed This tl a expe the acne 
enfin of sae define a, couped with he edo ee king 
stu ekg “tke a ad!” he Gel, Forte Use saeting pit Fr or poe 
the SDR Cube Trance We wanted tn benef fon heey that SDR 
‘hers ith it ate ally to bale vray any craig ene SSB, AM, 
(GW ael gal jot ate sf Bec rogaine the edi, 
Yer we sill ane conentioal ols fr voted and compar packaging In 
recent pong om the SDR-Cbe emi in, ne ello ated, "We dt ive 
solver defined ears or eperate wltwnre defined tice ove 

aad et So wy tn we have alba etter st wth i nee 
‘when dealing wih SDR i our hob” We ager completely! 


Aa tay 


We use ear 


‘Ou nua here st to pride yet adr dete stil us he cesiga 
netlist DSP ce texigques used create he SDR Cube. There 
re many thee good works in OST, Rada in some dedicate SIG ding 
Sv cece job that al ean serve ata gud erence fr thse wishing to 
Jets exer progransning cr ste onlin ei on dinetonn. We wll 


TAPR PSR #114 WINTER 2011 


instead veview the fetta cron hat make wp dhe Cube and expan 
he allege at ear of the dsiga sages a he reat fr our eis 
mabe end, we bupe tha readers wl ser understand he tsk 
‘strung sch at eld DSP conta sid eoupng wih a 
‘quadrature sping RE Goat end Bey of the pple Soles sey 
thigh alton wo elie he desig. We prove neers thal bent 
a allot easy hap onto the SDR bascyagon and el up with avery 
‘Sl etncever tat le ashing ele arte. tele pany th 
'SDR wil hav a conventional ook und eel wil nub, vice ed comet 
pking Mer all, ou informal line or the SDR Cube i "We da 
eed anki’ PCP 
R Cube Overview 


‘The SDR Cube ca ORP tracer contig an embeded DSP 
‘entnle coupled with Sollee the RF deck. A PC not ede is 
this SDR beets all he igual processing i accompli“ hr oe Sigel 
st 4 24°, dhe Cabe etn all eomplement of ticin wer interte 
‘thle LOD fie mpectraa apy yal enue or uci re al 
gta management, and 1/0 conmectors fr conection tothe outside word 
Tih Cul sg opie! o internally aceareondte the popular ftir 
RNTN 6.5 clecmnic, Alernatvely a eon on the a ane allo the 
SDR Cale eae ih ety any oer parte sapling RF Bent 
‘dat uses che standard 1/0 sell ai sia Diller fan ir 
‘esjestmente gle nar sao, de Cul was desigued an the ste ta 
terve ata complete and uaidalinetatceiver~ the power al Mein that 
tiliware deine vad ing wth the convenience of al er nertce wah 
‘adr plied contl tha tot ern ee afd heal ei 
toalkiw ety portabty 
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Fig I Black Dig of the SDR Cae Tucor 


‘The SDR Ce conti cis of thee intersting pe bane hat 
serve tierce with the user and provide espa proce necessary Toe 
roves the orp uel quadrature (Cand Q) audi seals tor ru the 
[RF font ene. The 1/0 boat provides forthe connection of the wal aco 
peters ~inie pode headpones~ ane as RES 232 por cain the 
Gabe’ stare wo be easy pati by the user when nee 
Digital Mode Support... Wile dhe inal reeave uf the SDR Ce 

sotaze presides sport Gr SSB and CW mde tis on the ws of a 
terial siden fr pi a the dpa odes, ne enue an aplication 
tis PC connected othe aio ontpat of the SDR. Cabe Tratsecies, mich 
‘vit wuldecrmect to ty ier SSBbcapable ig: Hae comets withthe 
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sig yal of portaliny andl PC-es uperatos,we la prided pec, 
‘plmized ints fr eset the NUE-PSK Digital Moder fr the 
roc of gal ode contac, Furies, wile hentia selene of 
the Cae wllware lle interface the ender na ata wy wh 
anal ao igeny be net vee ll Uns the venetian 
{foe aa ae al ae gia na betwee the Cab aad NUE-PSK. 
swore, This pind eerie llr improved SNE benefit are alrecy 
se on the bench pouty a fillow-o vesdane of the SDR Cabe sla 
‘we val antegrate de acl moder source end ia under ately support 
‘he digital midesin the SDR. Cube without the need far anyesternal gal 
pres 

“The Softrack “RF Front End”... The SDR Cubes designed io 
lnteface ony paratie-avel RF Goo el hat provides 1/Q ead 
audio signal. Wee the tert RF nt ena” and RF deck" wo ean the 
‘dectcnes hat peroe theming, anepfiation ated Gling of RF wigan 
fran HE radia The tot popula and pile RF dock acid ithe Solio 
Esl of wall ed iespesve fie, Sore U,000 of dese Lard in flere 
‘aor hae er sl aroun he wd aed ears depend a PCa 
signal processing a wer terre. So by desing dhe SDI Cube easly 
Jnterlace wid hs huge sale have of Soltek, we pre way for every 
Softork ier decomp Gr he cone ong the PC a ad, 
‘ole trdtmetnaly apg flan ead tet hon ing et 
vo doi the RF deck ourselves. lg dows of ths appr that 
‘imple desig af the Safir naturally offer ume desig esuproniss that 
renin lower RF peiformance~ seni dock lend, wanted eng 
Uysprdcs eae hich may in tur be perceived as SDR Cube tations 
Hlawever thereat ther higherencel / Queers that al iin 
sell Eon wid he Cube products ch asthe Geese Radio SDIC 
Tey the original FlexRaaio SDR UNO lectvmis andthe ENSDR ie 
Funk Amateur agazine- And ws sos inthe eae perhaps stone ell 
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sig s highsperirmance RF devk mate spericaly wikia te SDR Cube 
cecloure! 


Features, Goals & Specifications 


Gone design crtnlly stat wih a deep of the inte pal, ate 
Th wll he designers hep thine goals in sgh! ually determines the degree 
‘of succes that ean chewed rd intended marke. vu ease, was 
inportin fe uo keep ia mined the tata crate come Ges Kite 
owns and computing prver af an embwldegal cesg stem. Ou 
neering gual was to pride jst enh atures wiht unceasing the 
table rests cr coeverey wilt eating ata with se ell ed 
foes than ase actly ware 

Portable, standalone, QRP-level, SDR transceiver 
vide an SDR ttmeter Gr voice ad CV ote id ot spe » PC 
Torri presi oF writer 

Built-in “RF deck” .. While desing an embeded signal proceaing 
sage ical sad ie conning, would tke een more me ao 
‘velop woe RF electra is handle the ened a the HF rece 
‘Si ly desigaing anode ont popalaeSofrrk af al ine, the RXTX v6, 
‘ve wer ade apo thousands wesw ales hae his RF dee dhs 
‘abn hs wo Kept de whe bing de SDI Cur 

HP raodems Processor & Codec. We ecied to use the pinta 
Ate Microchip SPICE prem, dept there being Easter DSP chp 
anid these ys, Tere it lot he sid Sra dsr ig crt 

ina Baia developer eadstatoens wach a thin ane aber prec ean 
the AsPICSIF (dhe NUE-PSI Digital Mer) lle yon hep tons 
ated divers that we eo inherit the SDR Cb, Atel Grae fess, 

the alder TL'S20A1C2H cone sail plead cheap nd it sere 
‘well fra fit inplernenition, Bath of thee alldmportant comments eu 
‘be uprdel s faur hardware/sofare serine the Ce ed al 
‘ware, 


1 We wanted 


TAPR PSR #114 WINTER 2011 


Physical User Interface (Display &e Controls). We were very interested 
in ing thie SDI project at Tock al Bk eos mc es ha 
Slepenul on the PC far anything alone uy Ge ale ne te 

‘we wanted fx portal we deterenined the bare mone ber onde 
‘cnt ta il hk He a a a 

‘thes plenne ree So lien a thee yao ecroccnilleaned gn 
aiid alien nccenoren sult fiveion publi and eetutioimec 
flspayed on LCD make the ea nus ad elie o contr. While 
‘wed hive four bistro modal cried ea, VEO, Tang Rate 

‘snd Mind), we sted the turaler of finetons that were availabe with enc 
Fst and rade the tate of he endo ute ve athe age rapid 
‘pay at all tien Foo tana st poentcaeters were tae fo the let 
‘changed Satesione atti leye, RF atetuaion, kaye eet and ue Ger: 
Aru! or the mnt fen used conta on anya, Use esc aig ial 

‘ve tok pins tu ensure dt we wel nouu-trengadd quality rtary 
‘ender tpl al ws ly ice alsin ols Asal pier speaker sits 
Ubinas hale inte rot panel ern ast apna “eek” fe ase neon 
snd for anand etme that ea double a ore practce opiate! Lay, 


vie dhe aetna have 


the mnt excng part uf the User Tneece wa the bright ise graphical LCD. 
AL 128 hy 6 pes ler enough eoltion allo uo salanconly 
‘ply sun illere ata inary (ais al RF level jer spel 
operating mode eueney memuty anki use, RET/XIT, Revs) slag wih 
‘tr bigest easre ofthe Bom panel a acceding aH of 
spins that the Cae sumed 
Software Field Upgeadenbility A fextre dat hay serve bth of tt 
swellin our previous designs (Micnt, NUE-PSK. Juma TRX) ithe ablty 
forthe SDR Cie software tu be updated by the user whenever aewer versione 
‘became salable. This negated bootloader enables the wer aaa be up 
ordeal dah programing he ate nares via the RS-282 serial poe 
ale othe rene panels Aut ack. 
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cube Hardware 

‘Ding jee deeper iu the abate 
architeetre ofthe SDR Cube, Figure? iuseates 
Inthe PICSP cathe heat de eign, Tis 
perfil ete pee anes he iy 
Frat sel input carta, dla tet aed geopica 
ta 128 64 pel grape LED, ad contre the 
to data pts rough he cade al ne 
Solis RF deck othe ight. And ut eau 
AKPIC perf he pase sing of the 1/QQ gal 
‘Signal eeams as past ofthe HF oda and 
‘leredalation operation, 

“The daPICHSE is 40 MIPS contol (40 silion 
esr pede, whieh tony ocr 
‘capable rimpad today's technology Bat, 
le see of the are poet embeded DSP 
‘controllers fan Teens Lnruments oF Freesale, 
the PIC peage eave rightward 
Iaitvreers cate cme banc en wth 
the 10D package of the daPUC noel we ne, 
ital ob attache in any nuaber of aye 
Alc alder ai wick individually soldering of 
‘eats ead, using the KDSSS) solder paste sd 
Tat gua er sll esque: Mice les 

rey espe and otitne developmen 
‘virneat ealled MPLA, enabling eperinettert 
tfc the deg snd wa the ol hee 


aes, 


Fie 2 
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SDR Cab Handset, sats digi atl rab ilo girth NUE: 


reas the dAPIC contr remains popular inthe PSK Dig Nidan 


‘iter cele 


“The dAPIC offs enough calles for designs 
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us pow seeming son: 16-h elpiahiter re, eng 
‘6 dB yas range ni ccrmputaliona Ths AO acuta 
tate nip fe vin operant bare aera a Lng 
ray of 16-bit working reiters—all of which prose ample DSP poner for 
the operations peared in uch an embedded SDR. Adit de daPIC 
ontlers ae geting “lng he Loh", however Microchip x commie 
ontnning de ruc ine, perp da coating apa He tee 
Tere the har sci cen 

For healhinpertaot A/D and 1/A comers Mack we used the Texas 
Tnsursent TLV SONAIC2SE high profrmance crew cudet Ia ur i, 
implementation, ate atop ates wed a ayy och nore a, 
"hic fr he eSPIC wo eA igh saps rte hs 
{bid perlrnatice cv (1) Fitting nat te peared ae lle al a 
the pace of the smal ratet ad (2) Mare ler tap are need ming, 
jnmore computation tne requzed, which ya sabe al lierrenesloe 
oie ration in desig a ate versions af Cube alae we ay be 
inoplementiny addin procening hardware w actomanndte incase 
Fomputatonal power: fir example, pening wider pce dep al 
“gia mode sictionay So keeping the eompating wera wer as ab 
ieaprant a aching alone palit, The negated enone seapliie, 
Programmable gain microphone api al SPL cont bus were epost 
‘loco eter fr dis ene 


(Opel gain dio ine tern ht yt en deter te 
AGC ian portant (ae leu eae tpleien. Thos we havent 
tng our ands around vei path in by inspecting costae RE 
Alvesatr as plug ir the Soltek orl in ple of ts exiting BEP be 
Tnthis way we can have aeyeal eel of sgl tesation a ain wait i 
‘stain upto sgua levels doagbont these, 


‘Clack generation is pimaly pride by the PICs 12C bs conning 
the SIU preven eSoft board dhe RF deck hat dst have 8 
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Ins elock ears dhe SDR Cols dsga can provide the ck y's ow 
i570 oek hp ry lassie ADS DDS shal generator and lapse 
Ser. Any of thea hte clocking method may be implemented Cube 


The design ofthe SDR Cue saree bed on the phasing meted of 
‘SSH generation au detec, were 3 Woe delay is npone om the 
see io sign cnming em he microphone fan a NUE-PSK Digital 
‘Maden. "Thevesuaat signals are api aa pair of misery ~in our ease these 
‘are pride on the Salltck hoard th 0 aud Ogee LO signa, The 
‘att othe ern amped on the Bolick alos he pit 
BNC co 


ron the ea of the Cae 

The teceve pith works va ilar ses, bn vee The seceived ipa 
‘nine with LO sige the Saft cal that age a td degre, 
rodicng the Inn Qigua Thee campanent aguas are ged by Ue 
(Cue harvere ade PIC contrller panes 9 Meg pe sa 
Tevet them by psig de Ua ov alee ad mel FIR ers, 
‘ne aang he gual #3 degrees and the aber delaying dhe gal by 4 
‘degrees. Mrintaiting accra pave dei ane cevepnig aptls hae 
‘cet pact on the quality uf the deodated signal. Tae demdaaion 
‘rey atthe mum jet, shown in Figure 2 Delos when the ePIC 
pesfice the curpuations rte done ide, the rere audio able w te 
Heard in dhe earn, 

[Note that either USB or LSB maybe ermlaed nee by reversing he 
saul Qsiqals here idee ia Figure 

Codec .. The TLVS20AI0230 i rly mature code, The main 
sean we ned ths price par waste acutnated SW experiences we 
Tage Kr eantolig 1. The 0 alo prides hay dsl pat apes, 
‘hie amplier and lead phe ampli, Most of he aun sigal outings 
sone with the cde x block and code diver eave, Only the audio pat 
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rpRH 


Fig 2: Safes Presi ck Digi 


forthe PSK moron nese eternal mitch, 
“The TLV320A1C298 proxies Mtl ADC np. Our processing happens 
jin 16st bat we ca beeli re the 21 bie iy electing he 
‘gion tat we une res Roe exp, pe aS it 22 el of 
Thr we get gain, and oun, Hiwever the igual rato get wre om 


ery bit eduction, and praia munbers are 1 bits Mure can be we 
ring 612A “Toe a 
‘Syeten Gain Distibation «And peaking of ga, we hve ety 


sujwsaseat opportniis sought Ube pte, Gor antennas to speak: Fach 
Ut the br sain Figure lesa opportunity ease thea, al 
‘he gol woul tse ech gel the gretet eel eta he procera by 
hat atage without nestling the ga estes, ycing Ube mun aa 
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range reach sage Diet anal ai wen gi iene 
‘overflow each we tele ind) elect re even, i becune t 
portant teaver hat the digital leet ae well aged 

Aud ein Kis de len oppostanity) fr pring sume yan 
central AGC. A desir’ hs aden inlet imple alge 
toch ner the cals are oo hgh ece te ie gat” ar eve, 
enmething al more complex sch aa log ter based om enlope dlecsin, 
‘ei acpaate p/ieh spes, Fever the ter gin locks ate tab 
propery handed opleslsios fll part real word conditions. Furs, 
the design needs to handle a number of condo: reed gal at je 
ro al ers outta signals at das hr he DSP fers, 
‘align gester than the Nyt rate hat an verdad be code ipa 
‘VIGGAPH wrote an exellent paper dexcsing the AGC ellen 
Sahin et al See cur Refteace ttn) These papers ave guy at 
inplementng AG in one of our nest relemen At the end of the da to 
AGC" is better das ving poo-apesenel| AGC and he iia 
‘eles of the SDR Cie sftware, the opertoris provided with good anual 
‘nial dhe pte gain athe RE Astesustoe col de Bu pastel 


Basic Systems Timing. OF course dere su aperaing ste i 
‘our embeded SDR Cube design IF anything, cere wld surely he an 
‘berided OS wich ar Vous (rest), Hu ere the proceane i que 
‘imple al he ning needs are somewhalexzeme 0 we are rang ot ane 
‘tal ith simple mater lop performing the comptatony aul 1/0 dats 
‘mere we needed. DSP calclatins are dane an every erp at 1/8000 
‘let, or 125 us sale rae The iter elelaion fr each ample takes about 
1th, The baudeoe FFT i calculated in ai np when the FET daa 
(aller ll at 16 ote The yer ad bere etal tank erate 
su ined witha | tos inerupt, Atte peocenor’s PWAL peti hace fs 
ted a rode lea Utne, 
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| Wamp 
L x i Ave 
lo 
‘ePamp Sotock OS setae eee 
ten ang > xe 8 Mare 
“eae 


SP Mme Tro: 0 8 


Fig t Son Gan Dian 


Real-Tinse Bandacope .. This i feanine that we are guile pro 
atid coe which we think ena the SDR Cie stared wat ina ceo a spl 
fnbeddet SDR soles, Besides being “ey a ive petra daplay showing 
AMlsigeah within the 8 kHz RF ath ing proceed by the Cube cas bea 
‘ey util icntor eth operat: Ou eat ee weary gle that ght 
The of intrest for cantar lien An the characteristic wave shape of the 
spectrum sialon good neat uf the sgl nde, whic ea be very 
epi when uperating Ue egal nodes 


‘We ake he ity fr the wer select i the Coniguratin Mes the 
dlsed ype of FFT alge: Hansing, Blak or Rertanguse The 
tompotts 12Gaoplecurplex FF, as pefirmel wih the cteece) 
“Mictuchip DSP ibeay actions We seed the a Fat wo ply the 
Inanchope, whieh happens the our only exeetlomoptinived freon The 
inode pres tne only G30 


‘Paty ite aap co he SDB Cae dle 
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(Caealating the FFT fe cote eta yee bot pve nd negate 
frequencies, FFT resus are prchce for LO + 4000 Fed lho LO” 40 
hei ie eal wl 

{LO (al fequenry) a Uae ete talaga 0 Fs, with USB ta the 
‘ght de af the center point, LO+ 4000) Hit the sight anes LSB in 
the lel ade of the center pos, and LO ~ 400 Ha eat he lel corner Display 
‘asker dots ane shown at | KEL pias Fas tack aa slow eeleae af the 
apy fer aes eat wo vial Tallow spl, 

State-of-the-Art CW Keying and Wave Shaping .. Maun PCs 
SDR have uly wth fat tations beteee Bex Tx we ia CW 
‘nul “QSK” becares hard ty seceslyeaplenet when many ayers a 
‘plea Windia site are wedi poten the signals, Hawever Ue 
the embedded “bare metal” SDR Cube i quite efferent. we have virally 
tu delay re ay don to RE beeatise we toe “ware DDS? iat 
severe the sine and cosine csc igual for 1 let fer to the Salk. 
That fora Cube ert beak in nena 2a lag fn eve paily aed 
the tant ade meine 


Avother CW featur sr sine ini) shaping of dae CW ees noo 
and glee aa Soin ann dhe 0-100 wp Kye, asta 
Sicko frequency, 300 He Ber aspive Re changer delay sine waver 
stp and Lamlie-A,-B or Dat parity Reinga pf have the 
fase DSP CW procenng inthe mart, 

Binaural Audio. Many ops fel at ne of dae mst ples and se 
sudo Ceatars seal uniquely on 1/Qstwed radio hat of url 
‘dda, Ax Rick Campbel, KR7B demastratet in bis versinal QS7 arte ia 
an, the sol of CW sigan ona binaural LQ receiver ike tein to 
stereo recording mae wih eel misuphos spaced abt sx cles 
dpi. The me flora i pesert ci ach channel, bt the relative phase 
[rove eeo elles Una epee as Uhteeimenatotal ype" The 
SDR Cate docs not npleses Mina andi a ths conretonal rane, 


lates having a +/-4000 He bas cop Tae 
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Ph 4 Sin fate pi ving xl on lean and 
rings des ry Se eis es) nd pride ir 
peeing eu 


asillsrate on dae eli Figure 3; bu nsead we aprimate the let by 
‘permeating wingle ane acute 760-wad dey Le, a how of the 
‘ght in Figure 5. Samples ae shied in anu oat ats 125 wert (ORE nd 
the ona ural ley 760° 12S = Sa, The operat eat aja 
‘the delay ons de nea a sep ive the seed gala dep ad 
‘eloen that mat be expeienced ta he wrested CW sgl wer ike 
hey ane evel ough your bead, fam one ear He aie, ie nig 
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Mechanteal Construction 
The SDR Cae design i comprised 

(Contd teaa rented behind the Sit panel of the enlomre ad 

syle diay, nel lock generation 

ard at ight angle and se nite 


ee pint ent ar, depicted in Phin 5 86. Th 


tits The DSP boat! pags at the etd te C 
coe Ana the /C 
the electrical onsen to ue euside wold, Av intr 


slong the ef sie ofthe em 


t i 


smnparienl whe the Surork ede. 


spe akin bracket, serve oad ie dg erdronmen of the Cabe electrics am dhe RF 


Pha 5p 


a RF carat ae owealy contain the Slice 
event Sock a 
nce, The cunts 444" 24" alain enka call 1a fellate enya 


RXTNGS, however aber cee or ae 


re ay be ita the 


ier wiry of the Cube ding amen teneaictng oF adit 
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Plt Side ie of the SDR Cae 
In Reflection 
Sofia defined rato 
omuety: al one dats extremly ering wi nay hares realy 
ining broken, Pehape ie most enticing isthe “ebedded SDR” ves 
where desquers ane now starting Ine Be a Ue arial Kittin 
‘enn ly baled ad letangie PC operant that erp the very 
‘ecinolgiesiich we sce to yah rad, By heed aponching at SOR 
solution othe “ace stl” ua eb DSP architect, we are ae 
ely achieve our desig goals, ae in a mane comprehensive 


ntdavely ew tic in ve Ammen Radio 
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Gan the SDR Cable sppach curpete with the hanepawer and beauty of 
the cure PC-tel SDR produc? Cerny nl every exten. The 


sles snipe ate kien sraler set a the RF pects being ved by 

the erie Fever pricy aed ied feforintion ena i aa 

‘he aval 12RA64 pel dimly: The ont patel etme cre because of 
vated ply cord Ate 


ping ee porated having i 
the embedded proceto et very slew cornered ts is PC comerpar, 
But boca it does ot ave he kthargc, immutable ed ofen arcane ml 
layerel auiare avelilectore of an operaing eye dhe enue and O5- 
les SDRC Cube able wr eles anand the PC sexe tprtant way 
ste changes 


By runing “athe bare metal, de Cube ean ele werner 
i hantwae when needed ~ ep, Gin TR seliching~ then gag conte ops 


nt erge ad ageing ample cuacte, The Ce f we 
4 pati open chen Lo ttl vee wo cba, Mes Chater 
Server ered to configure 


‘The SDR Cul Tranceiver among the st fits kd, pruning 
duly sea eee hin, 


pesfrematceafeated SDR i an alloable, 
Bik ini pn de bitin addy pops Sofloek “RF rend 
the pe sllvare Cube design i applica to thousands of kas worklvie 

aid we engerty anicpate novel oppetins of going rar Whether i 
ie the addi of tly high-performance RF desk, or the ight integration of 
Algal move prcening,orsomeus’s ver packaging la moe ely tke 0 
the fel lok othe tute with pre and conc 


But ofall ou exitemeat al elings of accomplishment, we believe the mus 
nota aehicyerent with dhe SDR. Cale fy making SDR lk a fel ike a 

seal i, hile stented tees the aio nthe gp of the 
‘headed and wimcesniy complex PC Tea paraphrase Alfa Beoyn 
inthe [O48 lac muse: The Tse of te Sere ae. "We ded 
sink PCD 
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Epilogue: The Evolution of Software Defined Radios 
Soltware Defined Radio (SDR) in the Amateur Ris cnn has bee sain rea tide in recent years rosa the 
motive and ground neaking praducte of Gerald Younghlood, KSDR of Flex Rao some four years ag, the rst 
cent saeofthetdesigas in the HPSDR. group, SDR techology han really now crane of age. Thi current satel te 
ft sabi heen greatly enable by dhe tke wok of Tay Park, KBOVIG, the er ute Sorc desig wo hax 
enowered Untied of fm wre with is perieno inespensive raion that work with PC aol eat 


Each thee ran in ter en bic aa cnet eerie hat spe the cong RF aller thee come 
town to bschaed ands te rls to aPC fr digital coperionThe PC hen performs the complen demedaaton 
epson so we operator ean understand the SSB, AM or digital mode communications costing in, And of courte 
everne happens ir ans were the PC pests clersonie signs othe fn ad lesen ring ad lite 


However hvoghont all he eaten of PC-based aware defined ai, dre aw alan bee a ctr bckroanel quest 
fiefs of SDI hts ered ts a PC. Whe he Colles seeing unlit processing power gorges we 
fhtefices a lot reinory the PC al a epee aed cuter actor to ake to the Bld when the need tie: 
Fi portale operas, Classic problema encontred wih ead he sii see the PC espay is bright slight 
anid powering the PC a the prnersngry SD fel elcionis ough wit itedapacityhateries la general, 
Teng around a expensive and delicate laptop et someting vse wants to ely do. Ao any han jut dh ane 
toperate a bars ead th n ene controlling bub show on & PCacreen, 


‘Mant wold il gre hat he pian of sch a Pte aco so gat al, git the exiled with SDRC 
innate ably eo hand wirwally any opera ode wih just new elle Reo pete in the rad 
Nien epesintery have beth sek develop at grave SDR traceiver to cde the sharcucinge of 
‘ning a PC he eld wl esining exon of the berefin of SDR in general a8 to have an iuespesiveyet goes 
leansceiver Embedded SDR projects arenes wil ithe High Pirlormance SDR. Group (HPSDR) and yet acer 
Inking deserted in an exelent article series hy AEGTY in ORE Quavtely Magaine. Many af  espesimeers re tang 
tthe shoulders uf previous pioneers i the Geldof DSP for Amateur Rai Rob Rukine KLNA, Lye Joan KRM 
Rick Canpbell KE and other, The hasdhoks Ki the ARB atid RSG, a wel athe wma work of “Experiential 
lens fr RE Desig’ by Hayward/ Carpi Larkin, ze replete wih the basi ing blocks dat we deg tay 
ar employing in our SDR plementation, ~ N2APB 
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About The Designers 
‘George Heron, N2APB, is. yr secailyprfessial  the Babine 
1D ren epinge pcttwtrs tn vires ad eer ye evar 
Fe lected i196, George hols as Amateur Esra clas Bre aid ea 
anil Roel in RE abd gal Get, ih etl fateents in DSP ad 
‘récrocuntller spplcaios to QRP His esign ac cumplient nla 

the NUE-PSK Digital Mole, dhe Mien 08 Antenna Adalys, the DDS 
Daualaevcare, aed many her QRP It He cores the New Jersey ORP- 
stad the Ansericans RP eb, andl has previo eed / pled eee 
Magasin. George ca Ie teach al 2419 Feather Mae Ct, Forest i, MD 
21050, ora a2aphitsdghidesgnalasonscom, 

Juba Nidndkonkd, OH2NLT, les in Espo, Finland na Hedi) wit 
bs wife sand ew sone one so eal a lula es commer of all 
lente ad alten xin hoate al ra recipes of the Fin 
JUMA et fine of arn enn oda Juba expe rng chew aed epecialy 
‘aperauating wih ne technologies and desiguing equipotent He recived 
Tat cen i 1988 -Tecienl cas een which wa iter upgraded to 
General law: OH2NLT ea be reached at Euniernentie 11 C, 02290 Eso, 
Filan ur tuba nionbiaoatrn 
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WHNUE, npc oe! 
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Caipbell KKH, Bol Larkin, W7PUA, 
eeepc ears 
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ye // eset an/sbop/TReARRL adobe Rakae 
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uye/wveearLorg/deptigialsgnalprcesing 
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aye neem c/n 

12, Suftrk Tramcelvery Tay Parks, KBOYIG, hp//wwmbyigcumn/ 

15, Soft RICE VES, p/ /rwwebsevzcom/sde/ ENTS. VE3/ 

14, SMT Soldering Ts and Process, Cash Ober KDSSSY, 


apt mnnden pp? option com, conten dview mance L258e 
i129 
15, Phil Harman VKGAPH on AGC 
ue / poet era com/ Dowload, 
16, Sahin on AGC, Escert fu ME Ro Son and ios 
utp Potable. ica ge gl 
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TAPR At Hamvention 


TAPR will makes annual appearance a the Dayton Hasse. (What 
woul the Havent be que TAPR?) 


ig ews ia David Re, VSDGR, wl peak st nr iru hoot his 
work on CODEC. Darn hepa yea, has bee alo uk press the 
‘CODECS fmt as documented un David's wee 


pe forex! 


Hoe/2page id 
DEC 2 


CODEC. 22 an open sniee CODEC designed foe ow bitrate speech ner 
HE (VHF dig ati, Wheren ot bitrate CODEC! are proprietary 
stad fee cet fen, OOTMEC 2 ir ge i tha ope sae 
Sling experince aa munca 

Auitur al developer Das Rowe, VKSDGR, will explain CODEC 2d 
hae it works, reali daw the complex DSP into simple teri He wil ll 
shoo the develope cer ad te challenges he hs fed alg the way 
Aint prsent examples of CODEC 2 se with Amateur Rain, 

Di will al be the ales speaker athe TAPR-AMSAT Bangust 
where he wil eval everything you wat to kas about the Village Tele 
Project hap orate eg! 


The ave ilo sce ple al ober he wot. Hoeven 
than develop counties snake bones aie dept expend ne Ra 
sample coum were pple eae 8 

Dav wl detcre how a curmtiy of people ft athe wold wet out 
fe this pablo, sig nc of Wi and ope sour salare. The real 
the Village Tele DE teleptne company tht anyone ea et up 


Village Teleo Project 


A Vie Tees constricted fm a netwock of Me 
ibe ha re uated er homes iva ilps 


yaya peel ea cont 21 


ah Potties = sll Wi 
They fem a eh neti, 
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relaying eepone eal french otbec: Each Mia Pt cnoeeta a regular 
telephone inside eluge burnea Phone calls on the nett are fe, A local 


person in dhe Village ca be waned few hours ep ad mst he 
ser, 

Till dhe Vilage Teco we boreowed many east Has Radi, sch 
storing hanare design and oman ness 

The lk litle eal woe storie of tow Village Tec are beng 
people several deel cntrien, ad explain yn spl hob cal hat 
te ak foe gene eb apt 


‘The Rest of the Story 


Hse i te eusplee run of TAF tei at kis yea lave. 


TAPR Board of Directors Meeting 
Thunelay May 19,7 PMT board msceting ope to all TAPR members 
sul il a dh Ruan Plaza Dyn, 2301 Wager Fd Bl, Dayton, OF, 
cn 

‘TAPR Booths 

Frid, May 20 Suny May 22—TAPR will bea ok 153-450 in the 
Bal Arena of the Hara Arena (ane pce as at yearn be sue ena ith 
ARRIL aid AMSAT) Ta hoa wd Friday 9 AM 1 6 PM, Satay & 
AN 5 PM, Sunday 8AM 10 1 PM, 


‘TAPR Forum 
Fd, May 20, 0:15 uo 10335 AM "The TAPR for wil be ina Hla 
Avena meeting res TBD fanuring 


TAPR Update Steve Bile, NTHPR 
HPSDR Upute- Pil Harman, VEGAPHL 
CODEC? Uplate - David Rove, VESDGR, 
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‘TAPR-AMSAY Banquet 
Fay May 20,630 PM —"The TAPR-AMSAT Han il eat Koller 

Presidential Bangurt Cone, 4572 Bidet Way, Retiring, OH 1582, 

Featusing Dav Rae’ alerdimer talk at the Vilage Teles Pret. 


Reserations ate required aad mua be male by Monday, May 12000 
Seige, so take yur enervtin er The pce fr the babe 
is S40 per person. Reyerve ket ay be pled up alae AMSAT ah at 

i ay eihe esr fie the 2011 

one ie ea 


Hlrnvention on Fiday ora the doce 
AMISAT/TAPR Banyjct online in dhe AMSAT 
ote ie phi 100158) 

Fr oure infraaion sid de anu men, vs pe /orncamsarg/ 
ainencew vetina/ 2011 /Banque ip, 
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2011 TAPR ARRL DEC 


Mark your alee al start making pins end dhe reer 
seca conference ofthe ya 30th Ansa ARR. aid TAPR Digital 
Comniictions Canference (DCC) abe bel Sepeber 118, 2011 
Balimore, MD. The conference hia he Fur Hoi iy Sheraton BL 
Aarport, Bllimore, MD (hip /welapong/ dete 
€all for Papers 

Techical paper ar sliced Sr resentation a the kh Anal ARR 


‘ad TAPR Digal Conunuaticatns Conference be eld Septet 16 
18, 2011 in Bakinore, MD and publcation in the Conferenre Proce, 
Avni conference proceeng are pulsed bythe ARR. Prevent a the 


tcnfeetice it seit fr publication, Sulerision of papers are de by Jay 
Ba, 2011 std shoul be 
Maty Weinberg, ARE 


brated 


Main Stvt 
Newnes, CT O51 


nthe Interne to many @ar.ong 
Full Details Cal or Papers: hp:/ weapon dertdeceaiepapers 


ie) deRcsstionidtines 


Sula Guideline hp: /weclap 
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AVolunteer 
By John Kester, WODDI 


Aa yu my eon, we ae hal poles wi serving up dhe Real Auta 
conten elialy verde yar, Te ke tery ure, sng One othe ever 


‘iperdes ot mpng he Blen were ha 

A fi rms hae, Pal Mauna, KDNEIWE, ws wating 1 is 
valk pve by Gre Joues, WDSIVD, at Hamvenion, Once de probe 
sds o Pe yntere lp convert Ue Real Ani isto MPS 

Pula set CD-ROMs of DCCs 1.20, whic athe DEC RA fe 
thre, Apes head Tate i the proceso cowering fle ad upeaing 
fe link othe new MIPS version Giles of tals st Digital Camtnicatine 
Conferences, Much werd rei lobe dan, lat Pan deserve a big atta by 
far tepping Grad 


Gigi, WDSIVD, has bee aie ind hitachi of the der len 
al have presente us with np Gl of over 1GB of ai, 


‘Once the project 
alerenees rt the fit yea recorded (19962) up een the yeas DVD. 
jptvluton cmomenced excep for the year dhe edi expen fd 
Seid at DCC in Tucson, 


tpleted we hod lve alte ain oti oe 
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Metis 


High Speed HPSDR Interface 


METIS i high poe PC interface: Wile the original Oxy base 
sere uy well rate in ner to tplement moe of the tare HESDI. 
[Sj we af ping to une a ler inteince between the vio heme 
‘he Aa fs he PC. SHETIS ia ick ff pi rth per. 
‘Sioce this ad il not ner o yp the SDR1OO0 dere wl be rot 
foe esting eter high perience terface, Mian Aaa sie boar 
‘hat cota age add, Altera Cycle LIFPGA euwscted 
Gigabit Eee PHY 

Mare dtl re aaa at the Mets Wi Page 
p/n cn inden ple METIS) 
Ordering Information 

‘The pic fr the Mec $279 US for meinbes of TAPR, $800 US fe 
suntan pls hippy hain i appeal 


(Onder online atu etapcong/tapr_addorderpp?add=GD4 
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AVRS - Automatic Voice Relay System 


By Bob Eruninga, WB4APR 

SVS the ham aio Unser Vie Cnt Suen eae othe 

‘Acstar Gateway Repeater siverell Eas Basi Teat Mesmaing Ong hewveapeneh apenas 

ie = | Nani ie Boho he theo nemer comer o r 

frees] LFF Repeat radio systems so that only a call sgn is needed to establish TENT or VOICE 
| Shame the Vice wea cng ote cone elle te ee hems Ek 
eee <T) [Eh Hl Programe URLE ECHO WIRES DSTAR st) -Think ul AVRS a Fame 
faeces) Peet | —— eevee {Rot Clary. Cal an jem ee ote your i to maa allo 
Ea Page! ' alls imteadtaplone mes APRS ie acne igang yen 
qeue Itt ol CALLSTGN ses sna ends edd os ape all Ti 
juke Dany eee it wns ory analog on ach Ec, ILE 

Sie Dare ha entre call ig canmety APRS ca ey 

trata any anlg pene rear etepoalings al phere 


Monitoring: 


o——__o a 
“145.500 435.500 * Puts APRS hiond to desired Matar flequency 
Enables PTT mode (APRS IO goes cutwil teloasa cr TT) 


(ed) Geos) | ERE 


2903 hee Repeater *walecr 


his callsion’ and updates D'sterreaicty 


Tebawrindipgrhecaeot —tkcetrche 95 este Making o Call 
Rah eeveramaniceo. pte metab alae > finds CALLE n staton or moscage ist rentors cal) 
ftenesancatscreeel” Neuere Me atl Os ory + Fresoes MSC buona rials a message 
chee yaractny, trav oe > Entre at" anda O. 
ce en ies eae 

* Makes the norma Deter sorncetion to CALLEE 

> G90 Heains 
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Receiving a call on normal APRS channel: 
* Message from CALLER is announced 
+ Objectin A*star shows FreqfTonefshif range & bearing 
* User presses QSY button and makes wice response, 


Receiving a call on A’star channel: 


*You will hear the distant CALLEE voice call 
* Front panel will display ehove message and INFO 


The above Les shor ho an AS el sce bth hese ae 
receiver perspective, The Aviat Q5O eat he bet 

toeany other Dwar wer satnlealy. Future versions of the D710, D72 and 
FFES50 and others can autornateally QSY the radio i the Met option has 
ten selected. 


Original ARS Goals 


the ea 2000 ur, ented his AVS camer of enaryng APRS 
aid Ectoink/IRLP ha rads astems stat entre mated 
‘ces ponte with automatic setup base only 


‘ay lg er obj 
+ Make locale 
+ Make Echulink, IRL Wines, Detar Feeajects hun 


creed vice neater chow up on APRS travelers 


+ Make thee objets shu hee peri i, tomes td wade mess 
APRS system 
+ Hae utile radioy that can ONE-MUTTON QSY ta th 


+ Haye Detar ener show ph 
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+ Toe the escent aber ean be ted thugh IG 


+ Develop the AVR engine on the APRSGIS tobe the AVIRS conection 


Mode objects 


Aa a 2007, we have ale ub progres cis the Bint tet abe 
Many Econ, IRLE, DASTAR and WIRES nenes sy appeas 


the ni md 


ot nspotaily othe Bett ae eps of mobiles ad Hs a 
the ight un he D7 HT, These photon need vo be tale 
show the Freqaeocy 


1 hse jects enn in he EteIRLPAN 
hep “verano ecu 


an, The eer 


‘TAPH (5 a community that provides leadership and resources to radio amateurs for the purpose of advancing the radie art. 


PAGE 20 


(@S¥ Transceivers 


Aw ince 2007, we to ave say APRS radios (D710, D72, and FTMSS0) 
shat can TUNE/QSY to a frequency Bed on APRS wih he ps of single 
tats stot ae ight. Now only cam the ado tte vo IRLP/ Ech 
Freqoescysijet they cm al te ony other Reeater ar apenas 
frecpnicy fa spin pack, Please we the Lica Petey Objet ect 
lp merce hl) hat we have been ping oa ew yeas 


A ew examples hu the rc ube ight 


As of Deru 2010, en al ond sad vidal who 
ling nt waiting he software Gir he AVRSS engine a permet ths AVS, 
(Caltlely-call ater, Stay Te! 

A\STAR REPEATERS: A pole shoe wo ore rpiy seach the AVS. 
aa of vera ve ecnineity tos bel what Tell A-STAR 
fiteay peters, These analog repeaters rink atntane appear to the APRS 
ther oso ot ara reper that bape olen or APHES Went uf 
it ers, But thes i alo connected ayn Data Gateway device on the Detar 

uo he tp a te page sd the sigh Since Ds 
leva haw cll sign-outing aed epence sting the aly thing ned fra 
Asta analgrpeater isthe al ig naling ancl APRS priest See 
the Ata pe (ed apn cys Antaape 


etwork 
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enw Caller fe 


Detar: ne etn Ty ARELOS—_Thsbse onan woth aaa 
Ge weatio 77 TF ves tatu Sor at Ooo 
Asta: fn nawapn” \Y gesipausre signing ened ROAR 
cae es) morearegthe aor epeast 
eastah Weta ie netooromt ante 


en pan ay 


SE pesae Astor por en hele 50 


Distr Acar call Fite APRS wes on the Ata repeater ally 
sora became of their APRS bears. The Avene repeaters where all 
40,000 APRS very vealed, Tha wt the ke igh corner of this 
lagram, a mobile Asta wer can revive a Detar call Ro anyone anyhers 
Because the Astar gateway appears om the Dar network with that knead 
The Da sytem rade the endarendeunnethry an the Avatar goeey 
dos the D-drA conversion bck on we. This knowledge ea te exe, 


foeincoming call even if the APRS wer ireurenly eaewhere ow another 
Frequency: An APRS message simply sent to Ube APRS we signaling hie 
‘rerio ty QSY tthe tar sepeate to anne he eal! [A new APRS 
‘ave (D710, FTN 

fae ica be ato) 


io and D 


en da his ow wil xe Eos pb, Ete 


fests w Dut call This spi sang Dota al ot Dat 

sadn except that the Avtar tner enters de ane call ag ano at APRS 
The Aa eepener 

streaming Data all sign sad dhe Doar eto handles Were de ale 

Iappens to be aorber APRS use then at ahamtage of dis APRS signaling 


tnemnge begining will “A ey eee tha the 
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is tate doesnot even nee ob on the Ant requ bt cm resve the 
APIS tneage ad eo hs rao can intanily QSY tn rere te ell OF 
ttre, cnce the Arta ear teste Avatar ner pear denial a 
Deaar inc then eevee ctl eaten he atne baer verte 
agppene on the Data tora 

APRS-PIFT-Me: The ey to this proce the APRS ser operating in PFT 
shee wes em the Arta opener che, This was the erga! APRS 
‘sinept a hat tactic APRS sgn eal be dane epee che 
ing chanel of any Viiee repeater The APRS ilienaton is ae ia 
(08 ecund burt a the ex of a vce traernaion wea the PTT is dropped, 
The Avr eepeater as w TNC: oto stening for ths dn, Tat on 
the ASSTAR repeater knows that the local mobile curse there. The Detar 
‘all sigs ae wasnt aes nornal APRS packet back to he APRS rato fr 
‘depy the ir pel, 


Datars 


Write Here! 
soaking a fg wes yay haa aa peas 
wing he i ro ho woul opie cr 
"i dae be Vong conto #fand youd hae se 


Microunft Word to compone your thoughts The PSR elo ef ear ale just 
shout anita aed graphic frat di be ald to suber yo te 
tovallouiteprory 


‘The dean forthe net im PSR is Ap, a0 write easly an write 
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AVRS Java Parsers 
By John Gorkes, AB9OO 


As [mene in a ealier esse, Fm working on ese J 
Parser andthe implementation of AVIS (Automate Vice Relay Stes). 
tl eyeral peuple equen ere to the esl ie vriona reais oT cea a 
SourceFrge pret called AVRS which ean be Fouad here 
ped Paveelinge et pietad ava! 

Tye nt made ay cl elease yo, bt all of my ede eae in the 
Sourcefnge SVN repository. Right mons everything aged ay GPL, al 
Tama cummed ta cating Give al petra safiare oe the APRE 

1 real there a lead everal APRS seat pete mt Sone ing. OF 
particle se fe work that Grog Wines cd wth JeAP RS. While 
tune of Gnas work pears in uy ras i ede as bee pial 
‘Silay Mati Aara ode on Ip oer eb ansapip/ 
Tas pride oda or de signs parsers ype 

‘While my final ga isto realize he AVR ate as propel by WHLAPR, 
shat project eee a sll uration of parters nl other Hieaies that wil 
tell inany APRS olla 


IF yu are develope annie OSS pines wat use the 
fend Te develped, your'e welcome wt Fy see eso, eights, gross 
incumpctence, o plan stupidity you'e welcome opi mie far write ace Lo 
SVN cr simply de ihe Hix hot Ie ae Oe 


Ti aciely ehping AVR aL pty god lp, cine ta pot 
yates and Gviatio on the APRS ka ese lene el me a 
Kock tf 
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Tw 


weet tpedigial 


TAPR Office Hours Monday o Fay 9981 59a Central Tie 


TAPR is alin intrested in civng information and al 


foe 
bles, IF yu es idea Kira ari yu would ket se, ayo or 
“ormcune you know is doing something that wuld interest TAPIG please contact 
2 edt falta) au a yee wor can be sae wi the Aateur 
Radin eosin Ty fel utecenorable cr there ale ta wie a8 
ace youre, please contact heer for ata. Preferred farmat for 
tice plan ASCH text (pete or Miroll Wr i seeepabe 
Prefered graphic formats are PS/EDS/TIFF kagrams black ed white 
photographs, or THFF/JPEG/CHP alu phowgrspl). Please ulm yraphies 
34 minimum of 300 DPL 


Production / Distribution 


Accolade 


Packet Stat Reser iv exported a Adal 
ecteieally at hipe/ weary 
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APR i. otf fi atic ental deveiiet carat 
[Sect 3016/3) of the US tax cd, Chain ate dete the 
‘stent lint by US tax avs TAPR i cluartered i the State of Avan 
fete pars of desiguing and developing neve tens fr digital radio 
‘neadeation in he Amateur Reda Service, aed Jor dssecnatig 
infantis dang, ad sine ua sue esearch, 
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